
BIO120H: 
Adaptation & Biodiversity

Week 0-1 

Fall 2021

Talent
Education



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 

TABLE OF CONTENTS 

SYLLABUS ..................................................................................................................................................................... 1 

ECOLOGICAL BIOLOGY .................................................................................................................................................. 7 

ECOLOGY ........................................................................................................................................................................ 7 
SPEICES INTERACTIONS ...................................................................................................................................................... 7 
SPECIES DISTRIBUTION ....................................................................................................................................................... 8 
RANGE OF TOLERANCE (ROT) ...................................................................................................................................................... 8 
SPECIES ABUNDANCE ........................................................................................................................................................ 8 

NICHE AXES .................................................................................................................................................................. 9 

ECOLOGICAL NICHE ........................................................................................................................................................... 9 
CLIMATIC VARIABLES .................................................................................................................................................................. 9 
BIOME ......................................................................................................................................................................... 13 
SOURCES OF CLIMATIC VARIATION BEYOND BASIC LATITUDINAL BELTS .............................................................................................. 14 
ECOLOGICAL NICHE MODELING ......................................................................................................................................... 16 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
1 

SYLLABUS 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
2 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
3 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
4 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
5 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
6 

 



BIO120H1F: Adaptation and Biodiversity 

Fall 2021 Week 0-1 

COPYRIGHT © Talent Education HUANG, Kiki 
7 

ECOLOGICAL BIOLOGY 

ECOLOGY 

• Ecology is the nature of adaptation and the limits to biodiversity. 

o Biodiversity is limited by how organism interact with each other and with the environment. 

• Ecology is the study of: 

o Interactions between organisms and their 

environment. 

o Distribution and abundance of species. 

o Structure and function of ecosystems. 

• Ecology focus on: 

o A population is all the individuals of the same 

species in one place at one time. 

o An ecological community is all the species living 

together in one place at one time. 

o An ecosystem is all the species + the non-living 

environment. 

SPEICES INTERACTIONS 

• Lynn Margulis – endosymbiotic theory. 

 

o Explains the origin of eukaryotic cells from prokaryotic organism. 
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o States that organelles distinguishing eukaryote cells evolved through symbiosis of individual single-celled 

prokaryotes (mitochondria, chloroplast). 

o “Life did not take over the globe by combat, but by networking” - There is more species cooperation than 

competition than you would think. 

SPECIES DISTRIBUTION 

• Determine species range by surveying or collecting them (i.e. eBird). 

• Limiting factors that determine species range: 

o Biotic factors (organism related): 

§ Dispersal. 

§ Species interactions: E.g. Competition, predation, mutualism. 

o Abiotic factors (organism non-related): 

§ Resources: exhaustible (things can be used up): 

E.g. Nutrients, space, etc. 

§ Conditions: inexhaustible (things do not get 

used up). 

§ Usually, gradient formed by variation 

in condition. 

§ E.g. Temperature, salinity, etc. 

• Organisms perform best at certain portions of a gradient. 

RANGE OF TOLERANCE (ROT) 

• Species have ranges of tolerance along environmental gradients. 

• Four different ranges of tolerance: 

o Range where the species is able to grow and reproduce. 

o Range where the species can grow and survive but not 

reproduce. 

o Range where the species can do the minimum to survive 

and not grow. 

o Range where the species cannot survive. 

SPECIES ABUNDANCE 

• Species can be abundant or rare at different spatial scales. 

o A locally abundant species may be globally rare, or vice versa. 
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• The distribution and abundance of species is not static at temporal scale. 

o >99% of species that have ever lived have gone extinct. 

o Ecological succession and extensive shifts in population sizes and ranges due to human activities. 

o Seasonal changes in abundance or range (E.g. migration). 

o Population growth or decline. 

• Determine by measuring the number of individuals found per sample. 

o Relative species abundance = the ratio of abundance of one species to other species living in an ecosystem. 

 

NICHE AXES 

ECOLOGICAL NICHE 

• The combination of physiological tolerances and resource requirements of a species. 

o A species’ place in the world – what climate it prefers, what it eats, etc. 

• The Hutchinsonian niche 

o The niche is “an n-dimensional hypervolume” in which each axis is an “ecological 

factor” important to the species being considered. 

CLIMATIC VARIABLES 

• Weather is day to day variation in environmental variables including temperature, precipitation, wind, cloud cover. 

o Climate = the long-term average weather. 

• Climate varies across the globe. 

o Latitude affects different temperature. 

§ Higher latitude → colder. 

§ Seasonality a function of temperature (warm summer, cold winter). 

§ Lower latitudes → warmer. 

Species distributions are limited in part by resources and conditions. What is the main distinction between these two classes of 

factors? 

a. Resources are biotic, conditions are abiotic. 

b. Resources related to temperature, and conditions related to moisture. 

c. Resources can be exhausted, and conditions are inexhaustible. 

d. Organisms can generally tolerate a wide range of conditions, but only a narrow range of resources 
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§ Seasonality a function of rainfall (dry season, wet season). 

§ Rainfall mostly depends on atmospheric circulation, ocean currents, rain shadows. 

o These factors determine biomes. 

GEOGRAPHY OF EARTH 

• Effect of a spherical Earth → Latitudinal variation in light energy. 

• The Earth is tilted 23.5° → Angle of incoming sunlight is different at 

different latitude. 

o Higher latitudes: light strikes at an angle, energy spread over a 

wide area. 

o At solar equator: light strikes directly down, energy spread over a 

narrow area. 

• Different amount of sunlight produces different temperature and thus 

seasons. 

• Solar equator = Latitude closest to the sun. 

• Solar equator moves between 23° North (Tropic of Cancer) and 23o South (Tropic of Capricorn). 
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ATMOSPHERIC CIRCULATION 

• Consistent pattern of air movement around Earth’s atmosphere. 

• Caused by: 

o Sun heats the Earth more at the equator than at the poles. 

o Earth’s spin. 

o Uneven distribution of the ocean and continents. 

 

INTERTROPICAL CONVERGENCE ZONE (ITCZ) 

• ITCZ = a narrow zone near the equator where two Hadley cells converge. 

o Area gets heated up by the sun and air is always moving up rains a lot, and low atmospheric pressure. 

o ITCZ moves north and south throughout the year following the solar equator. 

 

• Areas where ITCZ shifts seasonally → Producing rainy and dry seasons (strong monsoonal seasonality). 

• Areas where ITCZ does NOT change much → Rainy all year round. 

Hadley cells 

• Largest cells. 
• Warm air rises at equator and cool air 

descends at +/- 30° latitude. 

Ferrell cells 

• Air rises at +/- 60° latitude and 
descends at +/- 30° latitude. 

Polar cells 

• Smallest cells. 
• Cold dense air descends at the pole and 

warm air rises at +/- 60° latitude. 
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PREVAILING WIND PATTERN 

• Coriolis Effect: 

o Earth’s surface rotates faster at the equator than at the poles. 

o Air moves away or into the equator will appears in a slightly curved direction (deflection). 

o Only happens in objects in motion. 

   

• Coriolis effect + Atmospheric circulation cells = Prevailing wind pattern. 

o When air flowing southwards towards equator → Air deflected to the west.  

§ + Hadley cells = 

• Northeast trade winds in Northern Hemisphere. 

• Southeast trade winds in Southern Hemisphere. 

§ + Polar cells = 

• Polar easterlies. 

o When air flowing northward towards the poles → Air deflected to the east. 

§ + Ferrell cells = 

• Westerlies. 
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• The “roaring forties” – 40°-50° S latitude southern westerlies. 

o Strong westerly wind because there is only ocean and barely any land or mountain to block off the wind. 

o Wandering albatross (Diomedea exsulans) 

§ Largest wingspan (3.5m). 

§ Able to lock shoulder joints and “glide” without flapping their wings (energy efficient). 

§ Able to travel very long distances (10 days, 3600 km). 

§ Global circumnavigator. 

§ Fly north in anticlockwise loops, and south in clockwise loops → Taking advantage of prevailing winds. 

Adapted to the “roaring forties”. 

 

BIOME 

• Different combinations of climatic variables produce predictable characteristic types of terrestrial vegetation, which is 

called biomes. 

• Vegetation growth (primary productivity) and stature increases with moisture (precipitation) and temperature. 

o Seasonality is secondarily important. 

The Intertropical Convergence Zone never passes over some points on Earth’s surface. At some points, it arrives once per year, 

and at other points it passes over twice per year, which results in more complex patterns of wet and dry seasons. On an idealized 

version of Earth in which land and water were distributed homogeneously, which of the following would BEST describe the place 

or places at which the ITCZ would arrive only once per year? 

a. The equator, 0 degrees latitude 

b. 23.5 degrees N and S latitude 

c. The roaring 40s 

d. 30 degrees N and S latitude 

Major ocean currents circulate clockwise in the northern hemisphere but counter-clockwise in the southern hemisphere. Why? 

a. Because of Hadley, Ferrell, and polar cells 

b. Because of the Coriolis effect 

c. Because of the Intertropical Convergence Zone 

d. Because of where mountains lie on nearby land masses 
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• Latitude mostly determines terrestrial biome. 

o Low pressure area is created where air is rising (around equator, +/- 60°) → More rainfall. 

§ Rainforest. 

o High pressure area is formed where air is descending (+/- 30, the poles) → Dry and clear sky. 

§ Desert. 

 

SOURCES OF CLIMATIC VARIATION BEYOND BASIC LATITUDINAL BELTS 

• Temperature: 

o Land changes temperature faster than water. 

§ Maritime climates are moderate, continental 

climates are extreme. 

§ Oceans provide thermal inertia. 

§ Temperatures vary more in the Northern 

Hemisphere where more land and less water 

are found. 

• Precipitation: 

o Evaporation high from warm bodies of water, low from cold bodies of water. 
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§ E.g. Driest deserts are formed at 30° latitude, east of cold ocean current. 

 

o Condense in prevailing winds. 

§ Orographic precipitation = air forced up 

mountainsides undergoes cooling, precipitates 

on upper windward slopes. 

§ Rain shadows created on leeward slopes of 

mountain ranges (no rain). 

o Seasonality of moisture also important. 

 

With some breaks, mountain ranges run from western North America down through Central America. In North America, 

specifically Washington, Oregon, and British Columbia, the eastern slope of the Sierra Nevada is drier than the western slope, 

but in the Talamancas of Costa Rica, this pattern is reversed so the western slope is drier. Which of the following is the most 

important direct cause of this difference? 

a. The intertropical convergence zone passes over Central America but not North America. 

b. Because Central America is a narrow isthmus, it has a maritime climate rather than a continental climate. 

c. The prevailing winds blow from different directions in the two places. 

d. Central America has a monsoonal climate while North America has a temperate climate. e. The Intertropical 

convergence zone does not pass over Central America, but just reaches it and then retreats toward the equator. 
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ECOLOGICAL NICHE MODELING 

• Range of tolerance ultimately limit distribution. 

o Organisms reactions occur best at optimum conditions and resources, where fitness is maximized. 

o Many mechanisms for homeostasis have evolved to challenge hostile environments. 

o Maintenance of homeostasis requires energy and is often limited by constraints and trade-offs. 

• Geographical range limits 

o Animals’ geographical ranges often correspond to biomes (limited by climate or vegetation). 

o Exceptions: 

 

• Ecological niche modelling (species distribution modelling): 

o Uses data from a species’ present distribution to predict where a species can live. 

o Assume: species’ geographic range is within the species’ range of tolerance. 

o Useful for modelling: 

§ Biological invasions. 

§ How species’ ranges may shift as climate changes. 

§ Spread of vector-borne diseases, etc. 

o Usually relies on climate data (more rarely on other niche axes). 

1. Interaction with other organisms 

(enemies, friends) 

o E.g. Coyote (Canis latrans) habitat 

range was limited by their 

enemies wolves (wolves are now 

mostly killed by human). 

2. Transcend biomes (ecological versatility, 

super generalists) 

o E.g. Tiger (Panthera tigris) has 

broad temperature tolerance, 

broad habitat range. 

3. Dispersal 

o Species that have not reached 

their limits yet due to recent 

history. 
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RANGE SHIFT OF MALARIA DISTRIBUTION IN SOUTH AMERICA 

• Predicted range shift 

o Climate change (global warming) influence Plasmodium falciparum (parasite that causes malaria) and Anopheles 

mosquitoes (vector) distribution in S. America. 

• Observed range shifts 

o Species are moving polewards at a fast rate. 

o Due to many factors, but mostly climate change. 
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